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Chapter II - DEFINITIONS AND UNITS

Problem *2.1

Referring to Figure 2.10 in the text, the atmospheric pressure is 100 kPa and the

pressure gages A and B read 2J psig. Determine the abksolute pressures in voxes A
and B in (a) psia; (b) in. Hg absolute.

Given: Atmospheric pressure and readings of gages A and B.

Find: The absolute pressures in boxes A and B.

25 psig

8 Furr = 100 kfa

Sketches and Given Data:

Assumptions: None

Analysis: Convert atmospheric pressure to psia.

1 psi = 145 psi
(100 kPa) (m) 5 psia

Determine pressures A and B in psia, then convert to in Hg absolute.
a) Py = Pﬂ..,e + Por
= 25 psia + 14.5 psia = 39.5 psia
P, = P,,.me + Pog, DUt Py, =Py
= 25 psia + 39.5 psia = 64.5 psia

1 inHg

= ja) | ———2°_| =8042i
b) Py f395 psia) ( B0 psia) in Hg absolute

P, = (645 psie) (6.21'5:3’}'%&5) = 131.3 in Hg absolute
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Chapter II - DEFINITIONS AND UNITS

~ Problem *2.6

Determine the pressure at points A and B if the density of mercury is 724.4 Ibm/ft’
and that of water is 62,4 |bm/ft’, Refer to sketch for prablem 2,44 (815,

Given: Fluid densities and heights.

Find: Pressures at points A and B.

Sketch and Given Data: A -‘% i - 7

Pwo = £2.4 \bn/ft3

puy = 1244 tbw. /443

Assumptions: 1) Atmospheric pressure is 14.696 psia
2)  Acceleration of gravity is 32.1739 ft/sec*

~ . Analysis: Converting heights to feet.

(635 mm) (L0 ) (L®) - 2083 £t
254 mm| (12 in

(510 mm) (22 ) (18) . 1673 1t
254 mm) {12 in

Pressure at B is atmospheric plus 1.673 ft column of mercury.

Py = P, +PLE - 14696 psia + (7244 IorAE)(1.673 £)(32.1739 fsec?)
(144 in*/£t*)(32.1739 Ibm-ft/lb,-sec?)

= 23.1 psia

. Pressure at A is pressure at B minus 3.756 ft column of water.

_ (62.4 Ibm/ft)(3.756 £)(32.1739 fr/sec?)
(144 in%/f1*)(32.1739 Ibm-ft/Ib -sec?)

P, = P, - %‘é = 23.1 psia

= 21.5 psia
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.= ______. Chapter ITl - CONSERVATION OF MASS AND ENERGY

Problem *3.5

An air compressor handles 300 ft’/min of air with a density of 0.079 lbm/ft® and a
pressure of 14.7 psia, and it discharges at a pressure of 75 psia with a dcnsity of 0.305
Ibm/ft’. Tha ahange in specific internal cncrgy across the compressor is 35 Btu/lbm,
and the heat loss by cooling is 10 Btu/Jbm. Neglecting changes in kinetic and
potential energies, find the power in Btu per hour, horsepower, and kilowatts.

Given: A compressor receives a steady flow of air through it. The inlet and discharge
are given.
Find: The power required.

Sketch & Given Data:

’ 3
V‘: 300 &/m.m ’____——% A= 75— sra

i
3 o presser]
e'= 0.019 (‘”“/H \c“fﬂ " e -00305- "H/‘Zﬁs

| \ n
_ )
p= 14T psia Wl } (we-w)= 3S BM//fu,

— o o—, o=

g: -/0 31“’//40«

Assumptions: 1) The compressor is a steady-state open system.
2)  Neglect kinetic and potential energies.
Analysis:  The first law for a steady-state open system is:
Q + m(u+pjp+ke+pe), = W + m(u+p/jp+ke+pe),
Apply assumption (2):
Q « m(u+pp), = W + m(u+pp),

Q + mhpfp, = W + 1h[(u,-u,)+p,0,]

3-111



" Chapter Il - CONSERVATION OF MASS AND ENERGY

The mass flowrate is not given, so it must be found from volume flowrate,

. . Ibm
= = [0.079_—
m=pYV, ( 0 =

, |
(300_ﬁ,_] - 237lom
min

mm

The heat flu, is Q = hq. Substitute data in the first law equation,

) (,  ;
1020 (2370m) | (2370m) 1yg7 | [1agi22f| 1 £€ | 1B
om) |~ min min) | 0075 Tbm ) | 778.16 i1, |

it
W+ (237 | |]89.7—]| [144—= ,
+ ( minJ [ in’J [ ftZJ (0.305 lbm] [778.16 ft-1b, + (35 Btu/lbm)

|

W = -1540B% - _g2415B% .

—
.

— = =363 hp = -27.1
min hr P kw
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Chapter III - CONSERVATION OF MASS AND ENERGY

Problem 3.12

An air compressor handles 8.5 m*/min of air with a density of 1.26 kg/m* and a
pressure of 1 atm, and it discharges at 445 kPa (gage) with a density of 4.86 kg/m’.
The change in specific internal energy across the compressor is 82 kJ/kg and the heat
loss by cooling is 24 kJ/kg. Neglecting changes in kinetic and potential energies, find
the power in kilowatts.

Given: The volume flowrate of air entering a compressor at specified conditions, the
heat loss from the compressor and the specified air conditions leaving the
COMmpressor.

Find: The power required for the compressor.

Sketch & Given Data: YW Gevndey
AR 8.51\)/“..\ T - A = 44S fa (aa3e3
. ezl.l&. hﬂfma = 4,86 hs]ms
= ( abm Se
e > Al = 82 hv/b-ﬁ

ey g = -24kVkg
Assumptions: 1) The air compressor is a steady-state open system.

—.
)

— A A~ =

P

2) Neglect changes in kinetic and potential energies.

Analysis: The first law for an open, steady-state system is:

Q + mh [u+pjp+ke+pe], = W + th [u+pjp +ke +pe],

The mass flowrate of air can be determined from:

min ) | 60 sec

h = pV, = (126 kg/m?) [s.sﬁ] (-I_E]

th = 0.1785 kg/s
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Chapter III - CONSERVATION OF MASS AND ENERGY

Apply assumption (2) to the first law and substitute into the resulting equation.

(-24k J/kg)(0.1785 kg/s)+ (0.1785 kg/s) [(u kJ/kg)+(101.3_._.)(1_26_1.(§)J

= W(kW) + (0.1785kg/s) (uzf ] 463k_N) [4 18611:;]

w,-u, = 82 kJ/kg
The power is

W = -24.6 kW
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_ Problem *3.6

Chapter III - CONSERVATION OF MASS AND ENERGY

Two gaseous streams containing the same fluid enter a mixing chamber and leave as
a single stream. For the first gas the entrance conditions are A, = 80 in?, v, ~ 400
fysec, @ = 0.10 Ibm/ft’. For the second gas the entrance conditions are A, = 60in.2, 1,
= 70,000 Ibm/hr,~; = 8.04 ft’/lbm. The exit stream condition is v, = 400 ft/sec, and
i = 7 {/ibm. Determine (a) the total mass flow leaving the chamber; (b) velocity

of gas 2.
Given: A mixing chamber receives two fluid streams and discharges a single fluid
stream.
Find: The mass flowrate leaving the mixing chamber and the velocity of the second
inlet fluid.

Sketch & Given Data;

A‘: 80 1n* ‘
§, = 4co Gé/x——,{C
Jois V3 = 400 §f4/sec

e = 0.0 (be

o3

Ar= 60 o

waqy = 70,000 ba/hr

Az = 8,04 D43/, «

|

\

(

{ €D ATy = AT
‘r-y 3 ¥ //‘u
|

{

Assumptions: 1) The mixing chamber is a steady-state open system.

Analysis: The information given and the questions asked in this problem are related to
' mass flowrate. Hence, starting with the conservation of mass for steady flow

conditions is a wise place to begin.

In this case h, is not known, so solve for it.

80in?

m, = |0.1020@
e | | Taamvee

Ibm
m, = 80,000-1-1;.

] (4oo£) = 22.201bm
S€C sec
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-Chapter Il - CONSERVATION QF MASS AND ENERGY

a) m, = 80,000 + 70,000 = 150,000 Ibm/hr

The velocity of gas 2 is found from the conservation of mass equation,

m, =p, AV,
Jbm 11bm|| 60in’
194428 = ft
( sec] (8.04&3] ( 144in2/ft2] (s fisee)

b) v, = 375.2 ft/sec -
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T I Chapter Il - CONSERVATION OF MASS AND ENERGY

Problem *3.7

Steam with a flow rate of 3000 Ibm/hr enters an adiabatic nozzle at 200 psia, 600

ft/min, with a specific volume of 2.36 ft/lbm, and with a specifie intesal encrgy of
11zz.7 Brwibm. The exit conditions are p = 20 psia, specific volume = 17.6 ft’/1bm,
and internal energy = 973 Btu/lbm. Determine the exit velocity.

Given: A nozzle receives a steady flow of steam, increasing its velocity. The steam
states into and from the nozzle are known.

Find: The steam’s exit velocity. -
Sketch & Given Data:

4w = 3000 “’w/kt’ \ fe = 20(7 sra

| @ =0 A =126 FE/y
‘ 2 z = /4
V2 &60 ‘C""/FM_K : ~~~~~~ " =

P
ary = 2.6 B,

Assumptions: 1) The nozzle is a steady-state open system.
- 2)  Neglect changes in potential energy.

3) The heat and work transfer are zero.

Analysis: The first law for a steédy-opcn system is
Q + mh(u+pv+ke+pe), = W + m(u+pv+ke+pe),
Apply assumptions 2 and 3 and divide by the mass flowrate, yielding

u, + pyv, + ke, =u, +pu, +ke,
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TS Chapter I - CONSERVATION OF MASS AND ENERGY

77 Substitute the data into the equation

144> (mﬁ’ 1
f Ibm | | 778 16(F-To)/Bra

Ib
(11227532) R [200._‘
Tbm in?

) (10ft/sec)?
@) |32.17410m1t | 1570 16 1t-Tb,
If -sec? Btu

b . ...
0 | (144in%t2)(17.6£¢1bm)

2
= (973 Btu/lbm) + ( z + ke,

(778.16 ft-Ib/Btu)

ke, = 171.95%
2 Ibm
v, ft/sec)?
1 (v, ftisec) - 171981
2 32.174 Iom -ﬁ] (778.16 ft-1b/Btu) o
Ib,-sec? } ' | |
v, = 2934 ft/sec
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‘Chapter III - CONSERVATION OF MASS AND ENERGY

Problem *3.22

A 1500 W electric hair dryer is essentially an adiabatic duct and consists of a small
fan which blows air over a heating clement, increasing the temperatura of the air
from 1ts inlet temperature of 77 F to an exit temperature of 127 F. The air density
at inlet conditions is 0.0739 Ibm/ft* and at outlet conditions is 0.0709 Ibm/f. The
specific internal energy changes from 91.5 Btu/Ibm at inlet to 100.1 Btu/lbm at outlet.
The pressure remains constant at 14.7 psia throughout the hair dryer. The exit cross-
sectional area of the hair dryer when the nozzle is in place is 1 in>. Determine:

a) The mass flowrate of air through the dryer;
b) The volume flowrate of air at inlet conditions;

c) The velocity of the air leaving the nozzle.

Given: An electric hair dryer with inlet and outlet air conditions as well as exit nozzle
area.
Find: The air mass and volume flowrates and the exit air velocity.

Sketch & Given Data:

T(=77l= p=C= 9. ps/a -

........ . Tt F

@, =0:013% lbowm[pt3 ~ 3', @) @, = a.0709 tbwfpt3

_ D) —
=905 8b .« Yyt o W, = 100 BN/ (b
7% ' ! :
: . A e = ‘ "\L
cy‘:/foﬂ W/
Assumptions: 1) Steady state, steady flow.

2)  Neglect potential energy.
3)  The power of fan is negligible compared to heating element.

4) When the nozzle is not in place, the inlet and exit velocities are
essentially the same, hence the change of kinetic energy is zero.
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_ Analysis:

Chapter Il - CONSERVATION OF MASS'AND ENERGY

a) The first law for an open system for part (a) is
Q + tu+plp+ke+pe), = W + m(u+pjo+ke+pe),
Applying assumptions (2), (3), (4) yields:

Q - ﬁ'l[(uz"ux) *(pz/pz'"pl/pi)]

min-

(14.71b/in?)(144in%/ft?) 1 _ 1
tr-1b 0.0709 Ibm/tt’) {0.0739 Ibm/ft
778.16..]3?11_5 '

85.305 = (h)[8.6 + 1.55]
i = 8.4 lbm/min

(1.5kW) (56.87 B“}’(w) - (b Tbm/min){(100.1-91.5 Btu/bm) +

b) The volume flowrate at inlet conditions is

*y - ) : 1
¥ = = (1) = (84 Ibm/min

) = BefE BUR) = ( )((0.07391bm/ft3)]
¢ = 1137 ftYmin :

©) The velocity leaving the in* nozzle is found from the conservation of
" mass.

m = p,AV,

. bm| ,, 1 .
(8.4 Tbm/min) = (0.0709_53_] (1 ind) (m] (v, ft/min)

V, = 17060 fy/min = 2843 ftisec
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<. Chapter LIl - CONSERVATION OF MASS AND ENERGY

Problem *3.27

In the first the

d a specific volume of 0.444 £31big

in series.

Air contained in a piston cylinder undergoes two processes

til

ion un
. Sketch the precesses on a pv

1§ a constant pressure compress.

1dan

to pv = Cfrom 500 ps

ing
to a pressure of 20 psia. The second process

¢

ds accord

air expan

.

specific volume three equals specific volume one
diagram and determine the work per unit mass.

.

rinap

Given:

iston cylinder undergoes two defined processes, one after the other.

Sketch the processes on a pv diagram and determine the work in B/l .

Find

Sketch & Given Data:

e ST R
T LN R A A R P
1R R R 11
(1 HGS E M TR EH A R R e T
FEECTE EEE T FEE e e e R H
PR R L P R e 1
L RN T PR R A E T
R BT AR P R -
TH R VR TR R R E ek AR
T R A R - A
e R A e
FEHATEL R EERERSX
PHE T P R R e 1
Y ««wt.w. + -wg.x..rc - .-1. H
SR ERR R aunl .
8 O A FEF X
PR HA R R E TR
VR R e A e -
AR F R o B w7 4 .
T E R HAETEEEEE EEFLEREEL FL PR PR
R R L L AR
VT L = o 1 EE
I N o A o B D -
BT T EH B LS e b R TR
LA S i m.m; “mmu-7 -
LR e F e ek R
B Wi
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* Assumptions:

Analysis:

. B
. .

Chapter Il - CONSERVATION OF MASS AND ENERGY

1) The air in the pigton/cylindcr is a closed §ystem.
2) Neglect kinetic and potential energies.
3)  The processes are quasi-equilibrium ones.

Find the work for each process and add them together. The work for process
1-2 is

dv v - v
W, = fpdv = fc;. =C ln(;;f] = p,vlln(.{f)

py, = pv, hence v, =p/p, v, =2,

o) (. ., in
500t | {14413 | 10,444 2 |1, (500
W, =puln|Pt| - L 071 on) A%
12 = piin| 2 (778.16 Ti-To;Bta)

W,, = 1322 Btu/lbm

For the process 2-3 the work is

ol | 1402 |
20| 1422 | 0.444-111 £0bm)

W = [pdv = plo;-vy) = (778.16 ft-Tb;Bra)
Btu
- 39420
-3 Ibm

W, ,=0 for v=c¢

The net work is

W, = 1322 - 39.4 = 92.8 Btu/lbm
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Chapter III - CONSERVATION OF MASS AND ENERGY

Problem #3.41

A power plant produces S00 MW of electric power while operating with an efficiency

of 45%. The heat rejected from the ¢ycle g0¢s into cooling water cupplisd fram an
adjacent river. The water’s enthalpy increases by 20 Btu/lbm as it receives the heat

rejected. Determine the mass flowrate of water required,

Given: A power plant produces a given amount of power at a known efficiency. In
doing so the heat flow from the plant enters a river.
“ind: The flowrate of water required for cooling.
ketch & Given Data: Conbol Volvwe
. / ceo(nsﬁ wa
i S
E— ot hz -k = 20 3% /ibm

- -

=45

gt

L}
| o
Seomu T
ssumptions: 1) The cycle is a closed system.

2) Neglect changes in kinetic and potential energy of the cooling
water and there is no work done in the cooling process.

nalysis: For a power producing cycle,

p = Whnet
045 = 00
in
Oin = 1111.1 MW
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~ Chapter Il - CONSERVATION OF MASS AND ENERGY

For any cycle:

Wnet = Qin + Qout
500 = 1111.1 + Qout
Qout = -611.1MW
kW Bru Bt
t = (-611.1 1000217 | (34122 2 ) _ o s Btu
Aout = ( MW)( MW)( hr-kWJ 20852 x 10028

From a first law analysis on the cooling water (where the heat is entering the
cooling water; hence positive from the water’s view),

Q + i(h+ke+pe), = W + mi(h+ke+pe),

Apply assumption (2)

Q + thh, = mhh,
20852 x 10°B%) . (glbm) (59Btu
hr hr Ibm
m = 1042 x 10¢/0m
hr

p——
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Chapter IV - PROPERTIES OF PURE SUBSTANCES

- Problem *4.1

Fill in the data omitted in the following table for water.

Pressure  Temperature Specific volume  Enthalpy  Quality

(psia) (°F) (f/1bm) (Btwlbm)  x(%) State
(@ 500 0.650
®) 250 1000
© 600 700
@ 800 1399.1
©) 300 90
® 1000 200

Indicate for each state whether the state is subcooled liquid, saturated liquid, mixture,
saturated vapor or superheated vapor. :

Given: Two independent steam properties.
_ Find: Remaining properties and state of steam.
]
— ' Assumption: 1) The water is in equilibrium.

Analysis: (a)  Using Appendix A.15 at 500 psia, specific volume is between v, and
v, therefore this is a mixture. From Appendix A.15.

T = 467.02°F h; = 449.67 Btu/Ibm

v, = 0019739 ft’/ibm h, = 755.64 Btu/lbm

v, = 0.92849 ft’/lbm

v=u+x(v,- vy

0.65 f/1bm = 0.019739 £ibm + x(0.92849 ft'/Ibm - 0.019739 ft*/Ilbm)
x = 0.694

h = h + x h, = 449.67 Btw/lbm + (0.694)(755.64 Btu/lbm)

= 974.1 Btu/lbm
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- —ee’~'Chapter IV - PROPERTIES OF PURE SUBSTANCES
(b) Using Appendix A.14 at '250°F, enthalpy is between h, and h,,
therefore, this is a mixture. From Appendix A.15.

P = 29.864 psia h, = 218.66 Btu/lbm
v, = 0.017005 ft/lbm h, = 945.59 Btu/lbm

v, = 13.808 ft'/lbm

h = h+xh

1000 Btu/lb = 218.66 Btu/lbm + (x)(945.59 Btu/lbm)
x = 0.826

v = v, + x(v, - v) = 0.017005 £’/Ibm
+ (0.826)(13.808 £/lbm - 0.017005 £¢/1bm)

= 11.41 ft'/lbm

(c) From appendix A.16, since temperature is above saturation for 600
psia, this is a superheated vapor.

v = 1.0732 m’/kg h = 1351.4 Btu/lbm

(d) From appendix A.16, since enthalpy is above h, for 800 psia, this is a
superheated vapor.

T = 800°F v = 0.87629 ft’/lbm
(¢)  Since quality is given, this is a mixture. From Appendix A.14.
p = 67.078 psia h, = 269.64 Btu/lbm
v, = 0.017453 ft/lbm h, = 910.64 Btu/lbm
v, = 64627 ft'/lbm

v = v, + x(v, - vp) = 0017453 ft/lbm + (0.9)(6.4627 ft'/lbm - 0.017453 ft’/lbm)

= 5.818 ft’/lbm
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Chapter IV - PROPERTIES OF PURE SUBSTANCES

b= by + x hy, = 269.64 Btu/lbm + (0.9)(910.64 Btu/lbm)

= 1089.2 Btu/lb

()  Since temperature is below saturation for 1000 psia, this is a subcooled
liquid. Using Appendix A.17.

» = 001658 flbm  h = 170.32 Btu/lbm
v h
psia °F f/lbm Btu/lbm x% State
(a) 500 467.02 0.65 974.1 69.4 mixture
®)  29.864 250 11.41 1000 82.6 mixture
(©) 600 700 1.0732 1351.4 100 superheated
| , vapor
(@ 800 800 0.87624 1399.1 100 superheated
_ vapor
(¢) 67072 300 5.818 1089.2 90 mixture
® 1000 200 0.01658 170.32 0 subcooled
liquid

4-81 .



Chapter IV - PROPERTIES OF PURE SUBSTANCES

Problem *4.8

Refrigerant 12 is expanded steadily in an isothermal process. The flow rate is 30
Ibm/min with an inlet state of wet saturated vapor with an 80% quality to a final ctate
of 160°F and 25 psia. The change of kinetic energy across the device is 1.5 Btu/lbm
and the heat added is 21.81 kW. Determine the system power.

Given: R 12 being expanded isothermally with heat addition and changé in kinetic
energy.
Find: Power.

Sketch & Given Data:

L

w
8 d :
x=0. TeC R o =30 /e
{60°F /Jﬂ 160°F
Q=218 kW
Assumptions: 1) R 12 is in equilibrium.

2) Change in potential energy is negligible.
Analysis: Using Appendix A.20 to find initial enthalpy.
h, = 46.633 Btu/lbm hy = 44373 Bw/lbm
hy = by + x hy = 46.633 Btu/lbm + (0.8)(44.373 Btw/lbm)
= §2.131 Btu/lbm
Using Appcndix A.21 to find exit enthalpy.
h, = 101.234 Btu/lbm
Writing first law equation for the open system.
Q + mh, + th ke, = W + th, + 1 ke,
W = Q + m(h,-h,) + m(ke,-ke,)
= (21.81kw)(56.87Btw/kw-min).
+ (301bm/m)(82.131Btw/1bm -101.234Btu/lbm)
+ (301bm/m)(~1.5Btu/Ibm)

= 622.2Btu/m
492



(a)

Chapter IV - PROPERTIES OF PURE SUBSTANCES

B

Writing the first law equation for the closed system,

Q=AU+ W
(3 Ibm)(-212.7 Btu/lbm) = 384 Btu + W

W = -676.5 Btu

4.91



Chapter IV - PROPERTIES OF PURE SUBSTANCES

Problem 4.16

Two kilograms per minute of ammonia at 800 kPa and 70°C are condensed at
constant pressure to a saturated liquid. There is no change in kinetic or potential
energy across the device. Determine (a) the heat; (b) the work; (c) the change in
volume; (d) the change in internal energy.

Given: Ammonia is condensed at constant pressure to a saturated liquid.

Find: The heat, work, change in volume and change in internal energy.

Sketch & Given Data:

=0
7
/
200 kfe - 800 kf
2 “5/" 7ooc‘ P=C sat. “tai‘
RY
Assumption: 1) Ammonia is in equilibrium.

Analysis: From Appendix A.10 for 800 kPa and 70°C.

v, = 0.1991 m*’kg h, = 1598.6 ki/kg

u, = h, - P,v, = 1598.6 kJ/kg - (800 kPa)(0.1991 m’kg) = 1439.3 kJ/kg
From Appendix A.9, interpolating to 800 kPa.

v, = v; = 0001630 h, = h, = 264.7 kJ/kg

u, = h, - P,v, = 264.7 kJ/kg - (800 kPa)(0.001630 m*/kg) = 263.4 kJ/kg
(a)  First law for open system. W = 0.

Q + mh, = mhh,

_ ooy _ (2kg/min)(264.7kJ/kg-1598.6kT/kg)
Q = m(b,-hy) (60sec/min)

= -44.5 kW (heat removed)

425



Chapter IV - PROPERTIES OF PURE SUBSTANCES

(b)
(©

(d)

W =0

AV = m(v;+v) = (2 kg/min)(0.001630m’/kg-0.1991m*/kg)
= -0.395m*/min
= -0.00658m>/s

AU = m(u,-u,) = (2 kg/min)(263 4kJ/kg-1439.3k/kg)
(60 sec/min)

-39.2 kW

4-26
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Chapter XV - VAPOR POWER SYSTEMS

Problem *15.1

In a Rankine cycle, steam enters the turbine at 800 psia and 800°F, which exhausts
at 1 psia. Show the cycle on a T-s diagram and find (a) the quality of the steam
entering the condenser; (b) the turbine work in Btulbm; (c) the pump work in
Btu/lbm; (d) the heat supplied in Btwlbm; (e) the heat rejected in Beu/lbm; (f) the
net work of the cycle in Btw/lbm; (g) the'thermal efficiency of the cycle.

Given:

Find:

Rankine cycle with steam expanding from 800 psia and 800°F to ] psia.

Quality of steam entering condenser, turbine work, pump wark, heat rejected,
net work, and thermal efficiency.

Sketch and Given Data:

Assumptions:

~ Analysis:

T

1) Each process may be analyzed as a stcédy—statc open system.
2) The changes in kinetic and potential energies may be neglected.
3) The turbine expansion and pump compression are isentropic.

Determine the cycle enthalpies using Appendices A.14, A 15, and A.16, or .
SATSTM.TK and SHTSTM.TK.

h, = 1399.1 Btwlbm s, = 1.5972 Btw/lbm-R
h, = 892.1 Btu/lbm s =5 () x =079
h, = 69.58 Btu/lbm h, at 1 psia |

h, = 71.97 Btwlbm

The turbine work is.

(®) W = by - b, = 1399.1 - 8921 Brwibm = 507 Btu/lbm

The pump work is.

15-129
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() w, =h, -h, = 7197 - 69.58 Brulbm = 2.39 Brulbm

P
The heat supplied is.
() Gy =hy-h, = 1399.1 - 7.97 Brwlbm = 1327.1 Bru/lom
The h‘cat rejected . ’
(€) Qo =Ny -h, = 3921 - 69.58 Brwlbm = 822.5 Btu/ltbm
" The net work is. |
() Wae = W, - w, = 507 - 239 Bru/lbm = 504.6 Btu/lbm

The thermal efficiency is.

504.6 Btwlbm
= = 0.380
® M= = " 571 Bumm

15-130



9-31E A steam power plant that operates on the ideal reheat Rankine cycle is considered. The pressure at
which reheating takes place, the net power output, the thermal efficiency, and the minimum mass flow rate
of the cooling water required are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis (a) From the steam tables (Tables A-4E, A-5E, and A-6E),

Crven - b= hegco 1 pia = 69.74 BUw/lbm T
A A R AL Vi = Ve tpuia = 0.016136 ft*/1bm
N 2% Forp s~ Ty =Toe 1 psia = 101.70°F
r < quO‘l Wp,in=vl(P2—Pl)
3 ‘F —(0016136 'fIJ/ImeSOO—lpsia __1Buw
T = ¥ ' | 5.4039 psia -ft’
) =2.39 Btu/lbm
‘ R hy=hy +w,;, =69.74+2.39 =72.13 Btu/lbm _
1+ Sabuverd
v e-poc P; =800 psia | hy = 1455.6 Btu/lbm
Ty =900°F [ s, = 1.6408 Btu/lbm -R

se=s5y )M =Mgs-q =1178.9 Buvlbm
P =P

sat@s, =354

(sat.vapor) =62.81 psia (the reheat pressure)

P; =62.81 psia | hs =1431.1 Btu/lbm

T5 =800°F | s5=18977 Btw/lbm-R

Ss =Sy _ 1.8977-0.13266
S 1.8453

h = by +x6h, =69.74+(0.9565)1036) = 1060.7 Btw/Ibm

=0.9565

P, =1psia | X =

S = 35

®) Gin = (3 —hy )+ (hs —hy)=1455.6-72.13+1431.1-1178.9 = 1635.7 Btw/lbm
Gour =hg —hy =1060.7-69.74 = 991.0 Btu/lbm

Thus,

1635.7 Buu/lbm

(¢) The mass flow rate of the cooling water will be minimum when it is heated to the tetnperature of the
steam in the condenser, which is 101.7°F,

Ot = Oty ~ Wy = (1= 0 = (1-0.394)6x10* Btu/s )= 3.636 x10* Bruss

. 4
_Qow __ 3.636x10° Btuis = 641.3 Ibm/s

Meool ='CAT ~ (1.0 Bew/lbm -°FY101.7 — 45FF




Chapter XV VYAPO”R POWER SYSTEMS

Pmblem ¥15. 20
A rcgcncratlvc Rankine cyclc opcratcs thh one closed fccdwatcr hcatcr Th.e' - &"
" condensate from the heater passes through a steam trap and enters the condenser. =
The turbine inlet steam conditions are 1500 psia, 1100°F, and 3.6 x 10° Ibm/hr. The
steam cxpands lscntroplcally to 100 psia, where extraction occurs for feedwater
heating. ' The remaining steam expands to 1 psia. Determine (a) the cyclc thermal
efficiency; (b) thc mass ﬂow rate of steam to the feedwater hcatcr (c) the net
power produced. - TERRP : S
Givcn: , chcncranvc Rankine cyclc w1th turblnc inlet at 1500 psia and 1100°F,
o extraction at 100 psm, and cxhaust at 1 pSJa. In]ct mass flow is 3.6 x 10° o
<.t lilbm/r. 0 oL RERRER S o
Find: Thermal efficiency, flow to feedwater heater, and net power produced.
Sketch and Given Data:
. - |
2
| /a v 3
1740 | - R
3 4
- Assumptions: N 1 Each process may be analyzed as a stcady-statc ‘open system.

2) The chfmgcs in kinetic and potcntlal energies may be neglected.
3) The cycle is an ideal regenerative Rankine cycle. :
4)  Water leaves the heater as a saturated liquid.

Analysis: Following the procedure in example 15.5, dctcrminé the cycle cnthalpiés.

h, = 1549.9 Bm/u;;ﬁ: | s, = 1.639 Btu/lbm-R

h, = 12166 Bm/ll.)m 5 =5,

he= 9156 Bru/lbm | osE=s

h, = 699 Brufbm heat 1psia

he = 741 Brbm - |
h, = H, = 298.4 Btu/Ibin (B at 100 psia) |

18140
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Performing a first law analysis of the heater to determine ¥y |

-

by -hy (2984 - 741) _ 02443 3

me e "L
-

-r - . —
v =

S Ul =h, (12166 - 2984)

() -, =1, y, = (3.6 x 10° bavhr)(0.2443) = 8795 x 10* Ibm/hr
The net power produced is. | N
W = Wer Wy = (B~ 1) + (1= 7)1y - B) - (b - By) . .
W, = 5563 Btwibm
@) W, =m,w,_ =(36x10° Ibm/hr)(5563 Btu/lbm)
= 2,003 x 10° Bru/hr | |
The thermal efficiency is.

Woer W . .5563. ... ~'0.444

a o= oot ot =
YR q. ©b-h 15499 - 2984

15-161
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Chapter 9 Vapor and Combined Power Cycley

9-45E A steam power plant operates on an ideal reheat-regenerative Rankine cycle with one reheater and two
open feedwater heaters. The mass flow rate of steam through the boiler, the net power output of the plant, and
the thermal efficiency of the cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

' G‘ T Analysis 7 High-P
» \W o ¢ . J J| Turbine

'P(."‘?‘l :-SIU'P&'“ v Low-P TA

- | Boiler Turbin
v“/’rff'?y: 15;0(1510 8 9 e
y . 1- 12

Pg*Pis? (40psic . r___rg yxd A
0, 2P,5P, = dopsie 6 ° .

Pl 13 lj P ?P;?I ?PSKI\ _ z Condenser

< : & w
P 2 lp# , ittt J P

T SWwo °F

(a) From the steam tables (Tables A-4E, A-5E, and A-6E),
hy =h;gpsia = 69.74 Btu/lbm
Vi =V;e 1 psia =0.016136 ft’/lbm
Witin = Vl(Pz “Px)

= 0.016136 ft*/1bm J40 -1 psia _ﬂi‘i—g_
5.4039 psia - ft
=0.12 Btwlbm

hy =y + W,y =69.74+0.12 = 69.86 Bawlbm

P3 =40 pSia }h} = hf@ 40 psia =236.16 Btu/lbm

satliquid [V =V, 40psia =0.017146 ft/lbm
Wpuin="3(P4“P3) 1 Bt
= .017146 £*/1bm 250 - 40 psia) — 2t
5.4039 psia-ft
= 0.67 Btw/lbm

hy = by + Wy = 236.16+0.67 = 236.83 Bw/lbm

1)5 = 250 pSla }hs = hf@ 250 psia = 376v20 Btu/]bm

satliquid Vs =V, @250 psia = 0.018653 ft>/bm
Wt in = Vs (Ps = P5) Bt
= (0.018653 f*1bm 1500 - 250 psia) ——r
5.4039 psia-ft
= 4.31 Bu/lbm

h = hs + W ppyy i =376.20+4.31=380.51 Btu/lbm
P; =1500 psia | Ay =1550.3 Btu/lbm
Ty =1100°F | s, =1.6399 Btw/lbm-R

F; =250 psia

}hs =1308.5 Btu/lbm
Jg = 37

9-32



Chapter 9 Vapor and Combined Power Cycles

P, =140 psia
o =7-P }hg = 12343 Btwlbm
9 = 87

Py, =140 psia | h,y =1531.0 Bawlbm
Tyo =1000°F | 5,, =1.8827 Btu/lbm- R

Py =40 psia

}h“ =1356.2 Btu/lbm : .
31t = S0

=0.9484

o 251278y 1.8827-0.13266
s, 1.8453
P, =1psia y
Ry, = hy + xpph g, =69.74 +(0.9484)1036.0)

S =S
12710 =1052.3 Btu/tbm

The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the

feedwater heaters. Noting that Q W = Ake= Ape=0,

- S A &0 (steady) _
E; ’_Eout _AEsys(cm Ted =0

FWH-2: Eq = Eyy
Z’hl’hi = Z’hehe — fhshx +fh4h4 = mshs ‘——‘>yh8 +(1 —y)h4 = ](hs)

where y is the fraction of steam extracted from the turbine (= ritg/ ms ). Solving for y,

_hs—h, _37620~23683
" hg—h; 13085-23683

=0.1300

. o
E, -Ey, =AEsystem Oteady) o 0
FWH-1 Ep =Eqy
Dotk = D ch, —— tinghyy + tinghy = dishy —— zhy + (L= y = 2y = (1= y)hy

where z is the fraction of steam extracted from the turbine (= sitg / g ) at the second stage. Solving for z,

Sl gy B8I6-988 4 1300)=0.1125

z y)=
h” “hz . 1356¢2“6986

Then,
Gin = by — hg + (1= yXhyo — by ) =1550.3-380.51 + (1 - 0.1300)1531.0~1234.3) = 14279Btu/1bm
qom—(l -y- z)(hu—h,) (1-0.1300-0.1125)1052.3 ~ 69.74) = 744.3 Btu/lbm
= G = Gou = 1427.9 ~ 744.3 = 683.6 Btw/lbm

and
: s
™ =_Qﬂ.=_6.’§l'2_§tl/s__4202|bm/s
g 1427.9 Btwibm

, 055 kJ
(B)  Woq = riw,y =(420.2 1bm/s)683.6 Btu/lbm{l ff:t - ] =303.0 MW

1 a1 THSBU/M _ g
©  An= = 9B b
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The sketch above shows a portion of a steam power plant. The rate of steam -

flow from the boiler to the turbine is 10,000 pounds per hour. The comd ser
operates at 6.00 pounds per square inch absolute and uses coolimg water from

a river whege the tgmperature is 80.0°F. State regulatioms permit we mote

than a 10.0 F rise in temperature. If this conditiom cammot be mec, the condensex

is not operated:

1. The amount of energy added per pbuud in the boiler is mest mearly

b. 963 3.T.¢

ca. 922 B.T.U.
c. 1,247 B.I.U. d. 1,272 8.T1.0.
e. 1,386 B.T.U.

2. The vélocity of the steam in the pipe between the boiler amd the turbime
~is most nearly f ,

a. 0.0218 ft/sec b. 0.686 ft/sec

c. 31.5 ft/secy ~ d. 723 ft/sec
e. 1,893 ft/sec

3. For reversible isentropic expansion4through the turdine, the amoumt of
cooling water needed is most nearly :

a. 310 ft3Vh§ | - b. 970 fx3/h5
c. 14,380 £t /hr d. 22,450 £t°/hr
e. 120,300 ft /hr



w

[s]

1f
at

a.

c.

e.

-~
i

0.523 b
0.898 d. 0.997
1.00 '

the condenser does not operate, the steam exhausts from the turbine
atmospheric prlessure. Under this condition the work output per poumd

for isentropic expansion in the turbine is most nearly

125 B.T.U b. 185 B.1T
920 B.T.U. d. 1,095 B v
1,260 B.T.U.

the expansion in the turbine is not isentropic but adhlb@tlc w&icm
the following statements is true’

The turbine efficiency will be less than in the case of iseatrogic

expansion.
The rate of heat transfer from the turbine will be greater tham im .

the case of isentropic expansion.
The work output of the turbine will be greatar than in the case of

isentropic expansion.
The entropy will remain constant through the turbine.
The temperature of the steam will remain constant throughout the expamsion

process.

Assuming an’isentrppic process, the pump power needed is most_mearly

a.
Ce.
e.

0.023 hp. b. 1.6 hp
5.2 hp. d. 17 hp.
96 hp. .

- Questious 8-10 deal with steam that is extracted at some point in the turbize

. This extracted steam must contain no woisture.

for use in a certain process.

‘After the steam has been used in the process it is stored in a rigid tamk
vith a volume of 120 cubic feet.

8‘.

9.

1f isantropic expansion is assumed in the turbine, the lowest permissible
extraction pressure for the steam is most nearly

a.
c.
e.

35 p.s.i.

b. 45 p.s.i

95 p.s.i. - - d. 115 p.s.i.
140 p .s.4.

After the steam has been used in the process, it is stored in the rigid

tank.
per square inch absolute.

a.

T

e.

' 0.0408 1ta.

The steam is then heated until it is saturated steam at 90.0 pounds
The mass of steam in the tank is most mearly

‘b, 0.256 lbam.

24.5 lbm. d. 587 lbm.

6,795 lbm.
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FProblem 12.1

Chapter XII - REACTIVE SYSTEMS
i

CHAPTER TWELVE

A fuel mixture of 50% CH,, and 50%CH,, is oxidized with 20% excess air.
Determine (a) the mass of air required for 50 kg of fuel; (b) the volumetric analysis

of products of combustion.

Given:

Find:

~ Assumptions:

Ana1y51s

Fuel mixture of 50%C,H, and CGH,; burned with 20% excess air.

Mass of air required for combustion of 50 kg fuel and volumetric
analysis of products.

1) The combustion is complete; no CO is formed.
2) The molal ratio of nitrogen to oxygen for air is 3.76.
3) The products behave like an ideal gas.

Writing the reaction for 100% theoretical air and 100 total moles of
fuel.

50 CYHIS + 50 CsH‘g + a 01 + 3.76 a Nz -> b COz + C H20

b =750 c = 850 = 1175

Writing the equation for 120% theoretical air.
50 C,H,, + 50 GH,, + (12)(1175)0, + (3.76)(1.2)(1175) N,
750 CO, + 850 H,0 + (3.76)(12)(1175) N, + (2)(1175) O,

. _ (1410453016 mol air)(28.97 kg/kgmol air)
“ [(30)(100) +(50)(119) kg fuel]

= 18.2 kg air/kg fuel
(@) (50 kg fuel)(18.2 kg air/kg fuel) = 910 kg air

(b)  Total moles of product = 750 + 850 + 5301.6
+ 235 = 7136.6 mol

750 850
= —— =0105 = — =0119
€0, 7136.6 7136.6

5301.6 235
e U0 _0743 0, =_Z2_ =0.033
N, 7136.6 0 2 71366

121 P



R o Chapter XII - REACTIVE SYSTEMS
}
. Problem 12.3

. What mass of liquid oxygen is required to completely burn 1000 kg of liquid butane,
C.H,,, on a rocket ship?

Given; 1000 kg of C,H,, burned completely.

Find: Mass of liquid O,.

Assumptions: 1)  The only products are CO, and H,0.
Analysigz Write the balanced combustion equation,

CH,, + 650, >4 CO, + 5 H,0

_ (6.5 mol 0,)(32 kg/kgmol)
"t = [T ol butane)(58 kg/kgmol)

m,, = (3.586)(1000) = 3586 kg 0,

= 3.586 kg0,/kg butane
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Problem 12.5

With 110% theoretical air, 1 kgmol of methane is completely oxidized. The products
of combustion are cooled and completely dried at atmospheric pressure. Determime
(a) the partial pressure of oxygen in the products; (b) the mass in kg of water

removed.
Given: Methane oxidized with 110% theofetical air and cooled. |
Find: | Partial pressure of oxygen and water condensed.
Assumptions: 1) Oxidation is complete; no CO is formed.
2) The molal ratio of nitrogen to oxygen for air is 3.76.
3)  The products behave like an ideal gas.
4)  Atmospheric pressure is 101.325 kPa.
Analysis: Writing the balanced reaction equation for 100% theoretical air.

- CH,+ a0, +376aN,-»bCO, + ¢ H,O + 3.76 aN,
b=1 c=2 a=2
Writing the equation for 110% theoretical air.

CH, + (1.1)(2)0, + (1.1)(3.76)(2)N, - CO, +
2H,0 + 82712 N, + (1)(2) O,

Moles of product (without H,0) = 1 + 8272 + 2 = 9472

.02 mol _ ) 3
(@ Opgros =002 Po, = (0.021)(101.325 kPa)=213 kPa

(b) 2 moles-of H,0 are condensed.

2 mol H,0 = 36 kg
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Problem 12.7

Write the combustion equation for gaseous dodecane and theoretical air. Determime
(a) the fuel/air ratio on the mass basis; (b) the fuel/air ratio on the mole basis; (c) the
mass of fuel/mass of water formed; (d) the molecular weight of the reactamts; (¢) tie
molecular weight of the products (f) the ratio of moles of reactants to mwoles of
products.

Given: Dodecane being‘bumed in theoretical air.

Find: ' Fuel/air ratio on a mass and mole basis; ratio of fuel to water formed,
molecular weight of the reactants and products, the moial ratio of
reactants to products.

Assumptions: 1) The combustion is complete; no CO is formed.
2) The molal ratio of nitrogen to oxygen for air is 3.76.
3) The products behave like an ideal gas.

Analysis: Writing the combustion equation.

CuHy, + 80, + 3.76 aN, - b CO, + cH,0 + 3.76 aN,
b=12  c=13 a = b+§=12412§=1&5

C,, Hy, + 18.50, + 69.56 N, » 1200, + 13 H,0 + 69.56 N,

- 1 mol fuel _ - 0.01136mol fu’el
18.5+69.56 mol air mol air

| _ (1 mol fuel)[(12)(12)+26 kg/mol] kg facl
@ Tu = 556536 mol)26.97 Kgimol) 0 kg air

mass fuel _(1 mol)(170 kg/mol) 0.726 kg fucl
mass H,O (13 mol)(18 kg/mol) kg air

@ M- kg reactants _170 kg+(18.5)(32)kg+(69.56)28)kg a e
R™ ol reactants 1 mol+18.5 mol+69.56 mol kg mol

_ kg products (12)(44)kg+(13)(18)kg+(69.56)(28)t; 86558 kg
® mol products - 12 mol+13 mol+69.56 mol kg mol

©

(¢)

® 5;3=1 mol+18.5 mol+69.56 mol =0.942
n, 12 mol+13 mol+69.56 mol
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Problem 12.8

A coal sample has the following ultimate analysis on a dry basis: 81%C, 25% H,, -
0.6% 8, 3.0% O, 1.0% N, and 11.9% ash. Determine the reaction equation for
100% thcorctxcal air. ,

Given: Coal with known ultimate analysis is burned in 100% theoretical air.
Find: - Reaction equation. |
Assumptions: - | 1)  The combustion is complete; no CO is formed.: |

2) The molal ratio of nitrogen to oxygen for air is 3.76.

'3)  The products behave like an ideal gas.

Analysis: . Determine the mole fractions of the coal’s constituents on an ashless
basis. See example 12.3.
X M. xM. Y
'C 09194 12 007662 08283 1 |
H, 00284 2 001420 0.1535 '
'S 0.0068 32 0.00021 0.0023 C

O, 00341 . 32 0.00107 0.0116
N, 00113 28 000040 0.0043

1.0000 00925  1.0000
Writing the reaction equation.
0.8283C + 0.1535 H, + 0.0023S + (00116+2) O,
+ (0.0043+3.76a) N, ~ 0.8283 CO, + 0.1535 H,0
+ 0.0023 SO, + (0.0043+376a) N,

O, balance: 0.0016+a = 0.8283 4_01535 +0.0023,

a = 0.9058 |
0.8283C + 0.1535 H, + 0.0023S + 09174 O, + 341 N, -~
0.8283 CO, + 0.1535 H, + 0.0023 SO, + 341N,
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